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Many adult songbirds produce stereotyped vocalizations. An adult male zebra finch, Taeniopygia guttata, vocalizing hundreds of times a day, may easily utter the same song hundreds of thousands of times in its life. The stereotypy of zebra finch song has been shown to be stable for months (Scharff & Nottebohm 1991; Nordeen & Nordeen 1992) , although there appear to be no published data on the stability of zebra finch songs over a bird's lifetime. These 'close-ended' learners had traditionally been viewed as unable to alter their song once song had crystallized. Indirect evidence suggested that no functional connection exists between perception and production once a close-ended bird's song became stereotyped. If a bird was deafened, no change in the song occurred (Konishi 1965; Nottebohm 1968) . However, a replication of the deafening experiments with adult zebra finches suggested otherwise. Subsequent to deafening some aspects of bird's songs changed (Nordeen & Nordeen 1992) . Further evidence for plasticity was obtained by disrupting song production, either behaviourally or surgically. In the behavioural experiments, zebra finches exposed to a strobed light altered their song syntax (Cynx 1990) . Zebra finches exposed to varying amounts of background noise adjusted the amplitude of their songs (Cynx et al. 1998) . Zebra finches chronically exposed to feedback of portions of their own song that were delayed 50 or 100 ms, showed alterations in both song phonology and syntax weeks or months later (Leonardo & Konishi 1999) . In one surgical experiment, zebra finches with lesions to the right tracheosyringeal nerve to the syrinx (i.e. the bird's vocal organ), showed short-term deficits in song production. Subsequent changes included the addition of new song elements (Williams & McKibben 1992) .
We now provide experimental evidence for the presence of a dynamic feedback loop between ongoing song perception and production in an adult songbird. Humans, possessing another learned communication system, have difficulty speaking when vocalizations are delayed a few hundred milliseconds before being played back to them (delayed auditory feedback). They may hesitate, repeat syllables and alter phonology (Lee 1950; Fairbanks 1955) . This indicates that a feedback loop links human hearing and human speech, and that adult human speech responds to this feedback loop in specific ways. Studies of this phenomenon have provided information on how humans produce a speech motor programme (Howell & Archer 1984) , revealed possible etiologies for stuttering (Fukawa et al. 1988) , served as a test for cochlear implants (Tye-Murray 1992), and indicated how native and foreign languages are learned (Siegel et al. 1984; Kvavik et al. 1991) . The human speech literature suggested that one way to test for dynamic links between song production and perception would be to subject birds to delayed auditory feedback of their songs and then determine what if any disruptions occur. As stated above, a variant of this procedure has been shown, after weeks or months, to disrupt zebra finch song. Song then did not return to normal for several weeks or Correspondence and present address: J. Cynx, Department of Psychology, Vassar College, Poughkeepsie, NY 12604-0408, U.S.A. (email: chaos@vassar.edu 
